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light be thrown into a space filled with a gas in which fine
particles are suspended, the light is polarised by reflection from
the surface of the particles. The fact that light is polarised
in colloidal solutions points to the necessity of determining
whether or not they also are mere suspensions of particles.
Naked eye observations are useless in this case. Microscopic
investigations did not throw any very definite light upon the
matter, though by means of them it was possible to assign a
maximum diameter to the hypothetical particles. At last, by
the invention of the ultramicroscope, it became possible to
establish beyond doubt the existence of actual material bodies
floating in the colloidal solutions.
The principle upon which the ultramicroscope depends can
be illustrated by a very common phenomenon. In daylight,
the air of an ordinary room appears perfectly clear to the naked
eye, although it may be full of suspended dust-particles ; but
if the room be darkened and a simple beam of light be then
admitted the floating dust of the air becomes visible in the
path of the beam as a series of motes dancing in the ray'.
Faraday1 appears to have been the first * to apply this
principle to the examination of colloidal materials; but the
originator of the ultramicroscope in its modern form was
Zsigmondy.2 In the original form of the instrument the field
of a microscope is illuminated at right angles to the optical
axis of the instrument; and the particles floating in the liquid
appear as bright specks upon the dark field: but more recently
different methods of illuminating the field have been devised.
In every case, the main point of the method lies in the fact
that although a particle itself may be too small to be detected
by the microscope, the flash of light which it reflects is
sufficient to allow its presence to be recognised; and thus the
number of particles in a small volume of the colloidal solution
may be estimated with a fair degree of accuracy. By means
of the ultramicroscope it is possible to detect the presence of
particles having a diameter not less than 0-000005 mm.
1 Faraday, Proc. Roy. Inst., 1854-8, 2, 310, 444.
2 Zsigmondy, Erkenntniss der Kolloide, 1905;   Colloids and  tlie Ultra-
microscope, 1909.
* The phenomenon is, however, generally known as the " Tyndall Effect"
(Tyndall, Phil. Mag., 1869, 37, 384 ; Proc. Roy. Soc.91869,17, 223).